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FOREWORD 


A joint  feasibility  study  for  producing  a combined 
climatological  /oceanographic  atlas  of  the  water  areas  of  the 
world  was  undertaken  by  the  Naval  Weather  Service  Com- 
mand and  the  Naval  Oceanographic  Office  in  1969.  The 
results  of  this  feasibility  study  revealed  a twofold  increase  in 
surface  marine  observations  over  the  Indian  Ocean  basin  since 
Volume  III  of  the  U.S.  NAVY  MARINE  CLIMATIC  ATLAS 


OF  THE  WORLD  was  published.  The  additional  data  plus 
recommendations  for  revised  content  and  format,  provided 
by  various  Naval  Weather  Service  fleet  units  and  field 
activities,  warranted  the  updating  of  the  entire  series  of 
marine  climatic  charts  of  the  world. 

The  Naval  Weather  Service  Detachment,  Asheville,  was 
tasked  to  produce  a technical  model  of  the  atlas  providing  a 
sample  of  each  type  of  page  presentation  proposed  with 
supporting  documentation.  The  atlas  mock-up  was  approved 
by  Headquarters,  Naval  Weather  Service  Command  in  1971  as 
the  model  for  Volume  I (1974)  as  well  as  for  this  atlas  and 
future  volumes  of  this  series.  Volume  III  has  followed 
production  of  Volume  I because  of  intense  scientific  interest 
in  the  Indian  Ocean  Basin.  Volume  II,  The  North  Pacific,  will 
follow  this  volume  in  the  publication  sequence.  . r' 
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I - METEOROLOGY 


INTRODUCTION 

The  eight  volume  series  of  the  U.S.  Navy  Marine  Climatic 
Atlas  of  the  World  has  had  wide  acceptance  as  an  authorita- 
tive reference  for  large  scale  operational  planning  and  applied 
research,  This  volume,  based  on  nearly  120  years  of  data 
(1854-early  "973),  is  an  update  of  Volume  III  (U.S.  Navy 
Marine  Climatic  Atlas  of  the  World,  1957)  and  is  designed  to 
fulfill  the  same  requirements.  This  vclume  is  not,  however,  a 
one  for  one  revision.  Some  of  the  data  presentations  have 
been  changed  and  wave  statistics  have  been  added.  There  are 
no  upper  air  charts  presented  since  in  recent  years  several 
comprehensive  volumes  of  upper  air  data  have  been  published 
separately:  (Upper  Wind  Statistics  Charts  of  the  Northern 
Hemisphere , Volumes  I and  II,  NAVAER  50-1C-535,  1959; 
Components  of  the  1000  MB  Winds  of  the  Northern 
Hemisphere,  NAVAIR  60-1C-51,  1966;  Selected  Level 
Heights,  Temperatures  and  Dew  Points  for  the  Northern 
Hemisphere,  including  Monthly  Mean  Wind  Speed  and 
Direction,  NAVAIR  50-1C-62,  1970;  Selected  Meridional 
Cross  Sections  of  Heights,  Temperatures  and  Dew  Points  of 
the  Northern  Hemisphere,  NAVAIR  50-1C-59, 1971;  Climate 
of  the  Upper  Air:  Southern  Hemisphere,  Volume  I,  Tempera- 
tures, Dew  Points,  and  Heights  at  Selected  Pressure  Levels, 
NAVAIR  50-1C-66,  1969;  Volume  II,  Zonal  Geostrophic 
Winds,  NAVAIR  50-1C-56,  1971;  Volume  III,  Vector  Mean 
Geostrophic  Winds,  NAVAIR  50-1C-57,  1971;  Volume  IV, 
Selected  Meridional  Cross  Sections  of  Temperature,  Dew 
Points,  and  Height,  NAVAIR  50-1C-58, 1971). 

The  descriptive  explanations  which  follow  give  details 
concerning  the  quality  control  and  processing  of  the  observa- 
tions, the  development  of  the  charts  and  graphs  and  a few 
possible  applications  of  the  various  charts.  Also  discussed  are 
limitations  imposed  by  the  quality  of  the  data  and  the 
methods  adapted  to  help  overcome  them. 

This  Atlas  is  the  result  of  a concerted  and  extensive  effort 
by  many  people  (aided  by  automatic  data  processing  equip- 
ment) to  present  a detailed  and  useful  ocean  climatology. 


THE  GENERAL  PLAN  OF 
THE  CHARTS 

The  “point  statistics”  of  land  climatology  are  made 
possible  by  the  maintenance  of  weather  records  at  fixed 
locations  for  long  periods.  Such  statistics  are  not  generally 
available  for  Ocean  Basins.  Where  the  number  of  observations 
is  sufficient,  it  is  possible  to  select  areas  small  enough  to 
permit  an  approximation  to  the  “point  statistics”  of  land 
stations.  For  this  Atlas  45  such  representative  areas  are  used. 
The  locations  are  outlined  on  the  base  chart  and  numbered. 
The  graphs  and  tables  computed  for  these  areas  have  been 
placed  on  the  facing  page  for  ready  reference  to  the  base 
chart. 

THE  OBSERVATIONS  AND 
THEIR  PROCESSING 

Variations  in  definitions,  codes  and  units  of  measurements 
used  by  maritime  nations  for  recording  and  punching  marine 
observations  have  resulted  in  18  different  forms  (or  “decks”) 
of  punched  cards  available  for  use  at  the  National  Climatic 
Center.  These  data  have  been  converted  to  a common  format 
and  placed  on  magnetic  tape.  For  a more  detailed  explana- 
tion of  the  conversion  procedures,  the  reader  is  referred  to 
the  Tape  Data  Family-11  (TDF-11)  Reference  Manual 
(National  Climatic  Center,  1968).  This  tape  deck  was  the 
primary  data  source  for  this  volume.  Funding  for  the 
development  of  TDF-11  was  provided  primarily  by  the  Naval 
Weather  Service  Command  with  supplemental  support  from 
the  National  Oceanic  and  Atmospheric  Administration 
(NOA/s),  formerly  ESSA,  and  the  Department  of  Defense, 

The  data  were  subjected  to  complex  quality  control 
procedures  before  processing.  First,  duplicate  observations 
(which  entered  the  data  base  from  different  sources)  were 
eliminated.  The  remaining  observations  were  then  checked 
for  internal  consistency.  Elements  which  failed  to  meet  the 
internal  consistency  checks  were  either  adjusted  or  elimi- 
nated. The  data  were  subjected  to  an  extreme  value  check  in 
which  the  highest  and  lowest  values  of  appropriate  elements 
were  listed  and  checked.  These  quality  controlled  data  have 
been  retained  in  a separate  tape  file  designated  as  the  U.S. 
Navy  Marine  Atlas  Work  Tapes. 

Regardless  of  the  amount  of  quality  control  to  which 
marine  observations  are  subjected  there  are  many  inherent 
problems  which  can  be  corrected  in  only  a general  way. 
Among  these  are:  the  difficulty  in  taking  observations  of 
meteorological  elements  from  an  unstable  platform,  different 
levels  of  observer  experience,  recording  errors,  variations  in 
observing  and  coding  practices,  punching  errors,  the  scarcity 
of  observations  over  vast  areas,  and  the  effect  of  weather 


elements  themselves  on  measurements.  Ships  may  avoid  bad 
weather  when  possible  (Quayle,  1974),  thus  decreasing  the 
amount  of  bad-weather  data;  or  they  may  slow  down  in  foul 
weather,  thus  taking  more  observations  and  increasing  the 
data  sample. 

Complete  observations  (including  all  elements)  from  tran- 
sient ships  are  steadily  becoming  more  common.  Ships’ 
weather  logs  of  past  decades,  incomplete  by  today’s  stand- 
ards, show  wind  direction  and  speed  to  be  the  elements 
almost  invariably  recorded.  From  a survey  of  the  data 
available  for  this  atlas,  the  percentage  of  observations 
containing  other  basic  weather  elements  is  as  follows: 


Element 

Percent 

Air  Temperature 

98 

Sea  Temperature 

92 

Total  Cloud  Amount 

78 

Visibility 

72 

Sea  Level  Pressure 

56 

Present  Weather 

57 

Low  Cloud  .'.mount 

36 

Wet  Bulb  Temperature 

36 

Waves 

26 

Because  of  incompatible  observing  or  coding  procedures, 
many  observations  of  total  cloud  amount,  visibility,  present 
weather,  low  cloud  amount,  and  wave  data  have  been 
eliminated  from  the  computations.  This  significantly  reduced 
the  percentages  of  these  elements  in  the  above  table. 

Some  peculiarities  of  selected  elements  are  listed  below: 

PRECIPITATION  — Of  all  of  the  elements  recorded  in 
historical  marine  observations,  precipitation  is  one  of  those 
most  subject  to  error  in  interpretation.  This  derives  from  a 
number  of  causes  such  as  coding  practices,  observers’ 
preference  for  certain  present  weather  codes  and  other  biases. 

SEA  SURFACE  TEMPERATURE  - This  element  is 
recorded  with  a fairly  high  frequency  in  marine  observations. 
The  various  methods  of  recording,  however,  tend  to  decrease 
the  reliability  of  the  individual  values.  Gradients  and  relative 
values  are  considered  to  be  reliable. 

SEA  LEVEL  PRESSURE  — This  element  is  one  of  the 
least  accurate  because  of  instrument,  coding  and  conversion 
errors.  To  be  capable  of  registering  accurate  pressure  read- 
ings, barometers  used  on  shipboard  generally  require  more 
frequent  calibration  than  they  receive.  Despite  the  inac- 
curacies of  the  individual  readings,  however,  the  large  scale 
patterns  and  gradients  are  relatively  accurate. 

AIR  TEMPERATURE  — This  element  is  considered  to  be 
generally  reliable.  However,  in  the  tropics,  as  the  result  of 
poor  instrument  exposure,  observed  temperatures  on  tran- 
sient ships  under  sunny  conditions  appear  consistently  high. 
This  data  subset  influences  primarily  the  distribution  of 
maximum  temperatures  (99th  percentile)  while  the  minimum 
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(1st  percentile)  and  mean  temperatures  are  relatively  un- 
affected. 

VISIBILITY  — It  is  difficult  to  measure  visibility  at  sea 
because  of  the  lack  of  reference  points.  Also,  some  observers 
report  reduced  visibilities  at  night  because  of  darkness.  The 
coarseness  of  the  coding  intervals,  however,  tends  to  mini- 
mize serious  biases  in  the  summarized  data. 

WAVE  DATA  — Suitable  quantitative  wave  records  are 
available  only  since  the  late  1940’s.  This,  coupled  with  an 
apparent  reluctance  on  the  part  of  many  observers  to  take 
wave  observations,  particularly  in  the  early  years,  leaves 
waves  as  the  least  often  recorded  element  in  marine  observa- 
tions. The  estimate  of  wave  heights  is  very  subjective  and 
depends  upon  the  experience  of  the  observer  and  the  size  of 
the  ship  from  which  the  observation  is  taken.  Wave  heights 
reported  by  most  transient  ships  tend  to  be  low  by  about 
10%  when  compared  to  reference  measurements.  Adjustment 
for  this  apparent  bias  has  not  been  made  in  this  Atlas. 

Despite  the  lower  confidence  level  in  the  individual  values 
of  these  elements,  through  subjective  analyses  and  reference 
to  previous  studies,  the  means,  extremes  and  gradients 
presented  by  the  isopleths  are  considered  to  be  quite  reliable. 

THE  ISOPLETH  ANALYSES 

The  climatic  data  in  this  atlas  are  presented  by  isopleths 
(lines  connecting  points  of  equal  magnitude)  supplemented 
by  graphs  and  tables.  The  isopleth  analyses  were  completed 
cooperatively  by  a team  of  meteorologists.  The  basic  charts 
were  automatically  plotted  from  one  or  two  degree  area 
summaries  for  the  entire  ocean  basin.  As  there  were  no  Ocean 
Weather  Station  (OWS)  data  for  the  Indian  Ocean,  a valuable 
tool  which  was  available  to  analysts  in  the  North  Atlantic  was 
lost.  Analysts  made  considerable  use  of  the  observation  count 
which  was  plotted  with  all  summarized  data  to  aid  in  data 
interpretation.  For  the  ocean  creas  southward  of  45°S,  data 
were  very  sparse,  thus  not  affording  detailed  analyses. 
Isopleths  in  these  areas  should  be  considered  only  as 
presenting  a ‘best  estimate’  of  the  actual  climatology. 

THE  GRAPHS  AND  TABLES 

To  supplement  the  isopleth  analyses,  graphs  and  tables  are 
presented  for  each  representative  area.  The  graphs  and  tables, 
in  most  instances,  represent  the  objective  compilation  of 
available  raw  data  for  specified  areas  without  regard  to 
suspected  biases  or  inconsistencies. 

Since  the  final  isopleth  analyses  reflects  both  objective  and 
subjective  considerations,  differences  may  be  found  when 
comparing  the  graphical  data  for  a representative  area  with 
the  analyses. 


THE  INDIVIDUAL 
SURFACE  CHARTS 


The  legend  in  each  chart  is  designed  to  explain  data 
content  — tables,  graphs  and  isopleths.  Each  legend  contains 
detailed  instructions  on  how  to  read  the  tables  or  graphs.  The 
following  paragraphs  contain  additional  remarks  likely  to  be 
of  interest  to  those  called  upon  to  interpret  the  data  and 
provide  answers  to  specific  operational  questions. 

Most  of  the  graphs  and  tables  allow  approximation  of  the 
empirical  probability  of  occurrence  of  selected  criteria.  This 
is  a major  factor  in  assessing  the  risk  involved  in  operational 
planning.  For  certain  elements,  standard  deviations  are  given 
on  the  graphs  to  provide  a measure  of  relative  variability,  The 
standard  deviation  of  these  graphs  is  denoted  by  ‘s’  and  was 
computed  using  the  expression: 


s = 


NExj  - (Sxj)* 
N(N-l) 


A 


AIR  TEMPERATURE 

The  threshold  value  of  > 20°  C for  the  isopleths  of  air 
temperature  was  selected  in  response  to  requests  by  a number 
of  users  who  considered  that  relative  degree  of  warmth  to  be 
operationally  significant  for  outside  marine  activity.  The 
mean  temperature  for  each  wind  direction  and  calm  is  shown 
by  dots  in  the  graph  opposite  each  direction  and  correspond- 
ing to  the  temperature  scale  at  the  bottom.  Note  the 
temperature  range  and  scale  may  vary  from  area  to  area  and 
month  to  month. 

T-H  INDEX  AND  TEMPERATURE 
EXTREMES 

The  American  Society  of  Heating  and  Ventilating,  as  early 
as  1923,  introduced  a term  called  “effective  temperature” 
which  is  a measure  of  comfort  based  on  temperature  and 
humidity.  This  is  the  term  we  call  THI  (Temperature  — 
Humidity  Index).  It  has  been  empirically  determined  that  a 
majority  of  people  will  be  uncomfortable  when  the  index 
reaches  24°  C.  THI  is  computed  by  the  following  equation, 
adapted  from  one  described  by  E.  C.  Thom,  1967: 


where  N denotes  the  number  of  observations  in  the  sample 
and  xi  denotes  the  value  of  the  random  variable  X.  The  use  of 
(N-l)  in  the  denominator  gives  the  best  estimate  of  the 
population  standard  deviation. 

SURFACE  WINDS 

Surface  wind  is  the  element  most  commonly  observed  and 
recorded.  It  was  the  element  considered  basic  in  the  selection 
of  representative  areas  for  construction  of  complete  fre- 
quency distributions.  Wind  distribution  is  presented  by  a 
combination  of  two  graphic  forms  — the  bar  graph  and  the 
contingency  table.  The  bar  graph  corresponds  to  the  percent 
scale  at  the  top  of  the  square  and  gives  ready  reference  to  the 
wind  direction  frequency.  The  contingency  table  gives  the 
percent  frequency  of  each  wind  speed  class  within  each 
direction.  By  adding  the  totals  lines  at  the  bottom  of  the 
graph  it  is  possible  to  approximate  the  percent  frequency  of 
wind  speed  occurrence  for  selected  criteria.  For  the  example 
graph  in  the  legend,  71%  of  all  winds  were  <17  knots. 

Persistence  statistics  would  be  of  interest  in  planning 
operations,  but  these  are  not  possible  without  serially 
complete  observations  from  fixed  points. 


THI  = 0.4  (Td  + Twb)  + 4.7778 

where:  Td  = Dry  Bulb  Temperature  (°C) 

Twb  = Wet  Bulb  Temperature  (°C) 

THI  is  in  degrees  Celsius 


Isopleths  of  the  1%  and  99%  levels  of  air  temperature  have 
been  selected  to  present  extreme  temperature  conditions. 
The  graphs  show  air  temperature  versus  wind  speed.  Use  may 
be  made  of  these  charts  to  determine  the  extent  of 
discomfort  likely  because  of  extreme  heat  or  cold.  They  may 
also  be  used  to  estimate  the  likelihood  of  superstructure 
icing. 

Ice  accretion  is  a complicated  process  that  depends  upon 
sea  conditions,  temperature,  wind  and  the  size  and  behavior 
of  the  ship.  Superstructure  icing  can  affect  all  ships  but  is 
more  dangerous  for  smaller  vessles.  Icing  potential  exists 
when  the  air  temperature  falls  below  the  freezing  tempera- 
ture of  sea  water  (usually  about  -2°C)  with  wind  speed  equal 
to  or  greater  than  11  knots.  The  lower  the  temperature  and 
higher  the  wind  speed,  the  greater  the  icing  potential.  Ice 
accretion  may  become  quite  severe  with  temperatures  <-9°  C 
and  wind  > 34  knots. 


AIR  TEMPERATURE 

The  threshold  value  of  > 20°  C for  the  isopleths  of  air 
temperature  was  selected  in  response  to  requests  by  a number 
of  users  who  considered  that  relative  degree  of  warmth  to  be 
operationally  significant  for  outside  marine  activity.  The 
mean  temperature  for  each  wind  direction  and  calm  is  shown 
by  dots  in  the  graph  opposite  each  direction  and  correspond- 
ing to  the  temperature  scale  at  the  bottom.  Note  the 
temperature  range  and  scale  may  vary  from  area  to  area  and 
month  to  month. 

T-H  INDEX  AND  TEMPERATURE 
EXTREMES 

The  American  Society  of  Heating  and  Ventilating,  as  early 
as  1923,  introduced  a term  called  “effective  temperature” 
which  is  a measure  of  comfort  based  on  temperature  and 
humidity.  This  is  the  term  we  call  THI  (Temperature  — 
Humidity  Index).  It  has  been  empirically  determined  that  a 
majority  of  people  will  be  uncomfortable  when  the  index 
reaches  24° C.  THI  is  computed  by  the  following  equation, 
adapted  from  one  described  by  E.  C.  Thom,  1957: 


THI  = 0.4  (Td  + Twb)  + 4.7778 

where:  Td  * Dry  Bulb  Temperature  (°C) 

Twb  = Wet  Bulb  Temperature  (°C) 

THI  is  in  degrees  Celsius 


Isopleths  of  the  1%  and  99%  levels  of  air  temperature  have 
been  selected  to  present  extreme  temperature  conditions. 
The  graphs  show  air  temperature  versus  wind  speed.  Use  may 
be  made  of  these  charts  to  determine  the  extent  of 
discomfort  likely  because  of  extreme  heat  or  cold.  They  may 
also  be  used  to  estimate  the  likelihood  of  superstructure 
icing. 

Ice  accretion  is  a complicated  process  that  depends  upon 
sea  conditions,  temperature,  wind  and  the  size  and  behavior 
of  the  ship.  Superstructure  icing  can  affect  all  ships  but  is 
more  dangerous  for  smaller  vessles.  Icing  potential  exists 
when  the  air  temperature  falls  below  the  freezing  tempera- 
ture of  sea  water  (usually  about  -2°C)  with  wind  speed  equal 
to  or  greater  than  1 1 knots.  The  lower  the  temperature  and 
higher  the  wind  speed,  the  greater  the  icing  potential.  Ice 
accretion  may  become  quite  severe  with  temperatures  <-9°C 
and  wind  > 34  knots. 


SEA  SURFACE  TEMPERATURE 

Sea  surface  temperature  is  recorded  with  fairly  high 
frequency  in  marine  observations.  The  1%  and  99%  isopleths 
give  estimates  of  the  extremes  that  may  be  encountered  at 
any  location.  The  graphs  are  simple  cumulative  percent 
frequency  presentations.  The  temperature  range  and  scale  on 
the  graphs  may  vary  from  area  to  area  and  month  to  month. 

Sea  surface  temperature  can  be  used  to  estimate  the 
approximate  time  a person  in  ordinary  clothes  and  life 
preserver  may  be  expected  to  survive  in  the  water: 


Water 

Exhaustion  or 

Expected  Time 

Temperature 

Unconsciousness 

of  Survival 

< 0°C 

< 15  min 

< 15-45  min 

0-5°  C 

15-30  min 

30-90  min 

6-10°C 

30-60  min 

1-3  hrs 

10-15°C 

1-2  hrs 

1-6  hrs 

15-20°C 

2-7  hrs 

2-40  hrs 

20-25°C 

3-12  hrs 

3 to  indefinite  hrs 

> 25°C 

Indefinite 

Indefinite 

HUMIDITY 

Moisture  content  of  the  atmosphere  is  an  element  which 
has  been  recorded  relatively  infrequently  in  marine  observa- 
tions. The  1%  and  99%  dew-point  temperature  isopleths  give 
estimates  of  extremes  of  this  element  that  may  be  en- 
countered at  any  location. 

The  graph  depicts  wet  bulb  and  relative  humidity  informa- 
tion. The  cumulative  percent  frequency  of  wet-bulb  tempera- 
tures may  be  read  from  the  solid  line  with  reference  to  values 
on  the  scale  at  the  top  of  the  graph.  Relative  humidity  may 
be  read  from  the  dashed  line  with  reference  to  the  scale  at 
the  bottom  of  the  graph. 

PRECIPITATION 

Precipitation  charts  and  graphs  are  intended  to  depict  the 
frequency  of  precipitation  at  the  time  of  the  observation. 
Based  on  work  done  in  connection  with  Volume  I (Revised) 
North  Atlantic  Ocean,  present  weather  codes  20-27  (precipi- 
tation within  the  past  hour)  were  counted  in  precipitation 
frequencies  to  correct  an  apparent  observational  bias.  The 
graphs  show  precipitation  by  wind  direction.  The  percent 
frequency  of  all  observations  which  reported  precipitation  is 
printed  in  the  upper  right  comer  of  each  graph.  The 
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distribution  of  Drecipitation  by  wind  direction  (and  calm)  is 
given  by  the  bar  graph.  This  graph  is  based  on  precipitation 
frequency  and  not  on  wind  direction  frequency.  The  reader 
should  refer  to  the  surface  wind  chart  if  he  is  interested  in 
j the  wind  direction  and  speed  distribution. 

No  isopleths  were  drawn  for  the  percent  frequency  of 
\ precipitation  observations  reporting  snow  because  of  in- 

adequate data.  However,  graphs  for  some  oi  the  representa- 
tive areas  do  reflect  the  presence  of  snow. 

VISIBILITY 

The  cumulative  percent  frequency  of  horizontal  visibility 
is  presented  by  nautical  mile  class  intervals  rather  than  by 
kilometers.  The  percentage  of  horizontal  visibility  equal  to  or 
greater  than  25  nautical  miles  can  be  obtained  by  subtracting 
from  100%  the  cumulative  percent  frequency  at  the  point 
< 25  on  each  graph.  Caution  is  advised,  however,  ir 
interpreting  these  areas  since,  because  of  curvature  of  the 
i earth,  it  is  virtually  impossible  to  see  25  miles  horizontallj 

I from  the  bridge  of  most  ships.  The  supplemental  table  at  the 

bottom  of  the  graph  gives  percentage  of  visibilities  < 2 
nautical  miles  which  occurred  with  each  wind  direction  and 
calm. 


CLOUD  COVER 

Even  with  the  increased  data  base,  tne  quality  and 
quantity  of  low  cloud  data  is  quite  poor.  The  total  cloud 
amount  element  does  not  suffer  from  this  deficiency  to  so 
great  an  extent.  The  number  of  observations  available  which 
contain  only  total  cloud  amount  continues  to  be  higher  than 
those  containing  both  total  and  low.  The  use  of  satellite  data 
also  bolsters  confidence  in  the  total  cloud  statistics,  Cloud 
patterns  derived  from  the  marine  observations  and  those 
depicted  by  satellites  show  fairly  close  agreement  (U.S. 
Department  of  Commerce  and  United  States  Air  Force, 
' 1971). 

The  observation  count  on  the  graphs  is  that  of  observations 
containing  total  cloud  amount.  The  low  cloud  curve  on  the 
graph  is  based  on  less  data  than  the  total  cloud  curve.  This 
may  lead  to  inconsistencies  where  low  cloud  amount  appears 
higher  than  the  total  cloud  t-mount.  In  all  cases  these  wore 
resolved  in  favor  of  the  total  cloud  by  making  the  frequency 
) ' curves  coincide. 

The  cumulative  percent  frequency  of  a cloud  amount 
equal  to  or  less  than  the  amount  intersected  by  the  curve 
may  be  read  for  total  cloud  along  the  solid  line  or  low  cloud 
along  the  dashed  line.  The  percent  frequency  of  obscurations 
may  be  determined  by  subtracting  the  cumulative  percent 
j frequency  corresponding  to  8/8  coverage  from  100%.  The  bar 
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graph  portion  of  the  figure  shows  the  percent  frequency  of 
low  cloud  amount  equal  to  or  greater  than  5/8  and  equal  to 
or  greater  than  7/8  for  each  wind  direction  and  calm.  Total 
sky  obscurations  are  considered  as  8/8  coverage  for  these 
purposes. 

CEILING  AND  VISIBILITY 

Simultaneous  ceiling-visibility  contingencies  are  presented 
in  isopleth  and  tabular  form.  They  are  designed  as  an  aid  to 
situations  where  both  vertical  and  horizontal  visibility  are  the 
major  items  of  concern.  Since  an  “aircraft”  type  ceiling  value 
is  not  available,  the  ceiling  height  is  estimated  from  the 
height  of  low  cloud  (h)  when  the  amount  of  low  cloud  (Nh) 
is  greater  than  4/8.  Total  sky  obscurations  are  considered  to 
be  ceilings.  If  they  are  ground-based,  they  are  considered  to 
have  a height  equal  to  zero. 

WIND  - VISIBILITY  - CLOUDINESS 

This  series  of  charts  is  designed  to  give  the  planner  an 
estimate  of  the  probability  of  occurrence  of  certain  signifi- 
cant operational  conditions.  The  conditions  for  optimum  and 
poor  carrier  operations  are  those  recommended  by  the  users 
of  the  earlier  atlas  series.  Of  the  elements  used  in  these 
statistics,  height  of  low  cloud  ceiling  has  the  least  reliability 
in  the  case  of  transient  ship  observations. 

It  should  be  noted  that  in  both  the  contingency  tables  and 
the  isopleths,  the  poor  carrier  operation  conditions  are 
and/or  situations.  This  means  if  any  one  of  the  poor 
conditions  of  ceiling,  visibility  or  wind  speed  exists,  the  event 
is  counted  as  poor.  However,  in  the  case  of  optimum 
conditions  it  is  an  and  situation.  That  is,  the  ceiling  must  be 
> 5000  feet  and  visibility  > 5 nautical  miles  and  wind  11-21 
knots. 

SEA  LEVEL  PRESSURE 
AND  MEAN  WIND 

Two  sets  of  wind  statistics  are  presented.  The  vector  mean 
wind  is  shown  by  arrows  (direction  of  flow  toward  the 
station  dot  with  the  resultant  magnitude  of  the  vector 
plotted  at  the  end  of  the  arrow).  The  scalar  mean  speed 
without  regard  to  direction  is  shown  by  isopleth  analysis.  In 
areas  of  high  persistence  of  direction,  the  magnitude  of  the 
mean  vector  should  approximate  the  scalar  mean  speed. 
Pressure  graphs  and  charts  are  also  shown. 

WAVES  (<1.5  AND  <2.5  METERS) 

In  these  analyses,  the  higher  of  the  sea  or  swell  is  selected 
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graph  portion  of  the  figure  shows  the  percent  frequency  of 
low  cloud  amount  equal  to  or  greater  than  5/8  and  equal  to 
or  greater  than  7/8  for  each  wind  direction  and  calm.  Total 
sky  obscurations  are  considered  as  8/8  coverage  for  these 
purposes. 

CEILING  AND  VISIBILITY 

Simultaneous  ceiling-visibility  contingencies  are  presented 
in  isopleth  and  tabular  form.  They  are  designed  as  an  aid  to 
situations  where  both  vertical  and  horizontal  visibility  are  the 
major  items  of  concern.  Since  an  “aircraft”  type  ceiling  value 
is  not  available,  the  ceiling  height  is  estimated  from  the 
height  of  low  cloud  (h)  when  the  amount  of  low  cloud  (N^) 
is  greater  than  4/8.  Total  sky  obscurations  are  considered  to 
be  ceilings.  If  they  are  ground-based,  they  are  considered  to 
have  a height  equal  to  zero. 

WIND  - VISIBILITY  - CLOUDINESS 

This  series  of  charts  is  designed  to  give  the  planner  an 
estimate  of  the  probability  of  occurrence  of  certain  signifi- 
cant operational  conditions.  The  conditions  for  optimum  and 
poor  carrier  operations  are  those  recommended  by  the  users 
of  the  earlier  atlas  series.  Of  the  elements  used  in  these 
statisitics,  height  of  low  cloud  ceiling  has  the  least  reliability 
in  the  case  of  transient  ship  observations. 

It  should  be  noted  that  in  both  the  contingency  tables  and 
the  isopleths,  the  poor  carrier  operation  conditions  are 
and/or  situations.  This  means  if  any  one  of  the  poor 
conditions  of  ceiling,  visibility  or  wind  speed  exists,  the  event 
is  counted  as  poor.  However,  in  the  case  of  optimum 
conditions  it  is  an  and  situation.  That  is,  the  ceiling  must  be 
> 5000  feet  and  visibility  > 6 nautical  miles  and  wind  11-21 
knots. 

SEA  LEVEL  PRESSURE 
AND  MEAN  WIND 

Two  sets  of  wind  statistics  are  presented.  The  vector  mean 
wind  is  shown  by  arrows  (direction  of  flow  toward  the 
station  dot  v.  .ch  the  resultant  magnitude  of  the  vector 
plotted  at  the  end  of  the  arrow).  The  scalar  mean  speed 
without  regard  to  direction  is  shown  by  isopleth  analysis.  In 
areas  of  high  persistence  of  direction,  the  magnitude  of  the 
mean  vector  should  approximate  the  scalar  mean  speed. 
Pressure  graphs  and  charts  are  also  shown. 

WAVES  (<1.5  AND  <2.5  METERS) 

In  these  analyses,  the  higher  of  the  sea  or  swell  is  selected 


for  summarization.  If  the  heights  are  equal,  the  wave  with  the 
longer  period  is  selected.  In  order  to  present  as  broad  a 
spectrum  of  heights  and  periods  as  practicable,  two  sets  of 
wave  charts  are  furnished.  The  graphs  accompanying  the  low 
wave  charts  (<  1.6  and  < 2.5  meters)  show  wave  height 
versus  wave  direction.  The  bar  graph  and  the  percent  scale  at 
the  top  of  the  chart  give  the  percent  frequency  of  waves  from 
each  direction.  Indeterminate  directions  are  combined  with 
calms.  The  percent  frequency  of  wave  heights  (bottom  scale) 
may  be  read  for  each  height  interval  and  wave  direction  from 
the  contingency  table.  The  isopleth  analyses  of  the  percent 
frequency  of  heights  <1.5  and  < 2.5  meters  are  for  generally 
non-hazardous  sea  conditions. 

WAVES  (>3.5  AND  >6  METERS) 

Wave  heights  in  the  > 3.5  and  > 6 meter  range  represent 
increasingly  hazardous  conditions.  Accompanying  these 
charts  are  contingency  tables  of  wave  period  versus  wave 
height. 

TROPICAL  CYCLONES 

The  tropical  cyclone  movement  roses  in  this  atlas  are 
reprinted  from  the  Mariners  Worldwide  Climatic  Guide  to 
Tropical  Storms  at  Sea,  NAVAIR  50-1C-61,  1974.  The  data 
presented  here  include  all  tropical  cyclones  estimated  to  have 
wind  speeds  greater  than  about  33  knots.  All  data  are 
combined  for  each  5°  quadrangle.  The  period  of  record  is 
1854-1969  for  the  Southern  Hemisphere;  1877-1970  for  the 
Northern  Hemisphere.  The  reader  is  referred  to  the  above 
mentioned  “Guide”  for  more  detailed  information. 

DURATION  OF  DAYLIGHT 

The  Duration  of  Daylight  Chart  for  the  Northern  and 
Southern  Hemispheres  defines  daylight  as  the  period  from 
sunrise  to  sunset.  The  upper  scale  at  the  bottom  of  the  chart 
is  for  the  Northern  Hemisphere;  the  lower  scale  is  for  the 
Southern  Hemisphere.  As  an  example,  the  daylight  on  July 
20  of  any  year  at  48°N  is  about  16  hours  and  30  minutes  for 
any  longitude,  approximately  the  same  amount  of  daylight 
occurs  at  48°  S on  January  17  for  any  longitude.  The  data 
source  was  the  U.S.  Naval  Observatory  (1945)  and  is  accurate 
for  the  entire  20th  Century.  Further  details  may  be  obtained 
from  The  Daylighter  by  the  U.S.  Navy  Weather  Research 
Facility  (1960).  Additional  light  (during  twilight)  may  be 
usable  for  many  purposes.  Duration  of  daylight  in  high 
latitudes  (poleward  of  about  60°)  becomes  increasingly 
dependent  upon  atmospheric  conditions  and  refraction  and 
there  may  be  some  departure  from  the  values  depicted  on  the 
charts. 
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PART  II  - OCEANOGRAPHY 


TIDES 

The  information  presented  on  the  charts  (types  of  tides, 
typical  tide  curves  and  tide  ranges)  were  derived  primarily 
from  tide  tables  and  tables  of  tidal  harmonic  constants.  Tidal 
information  is  generally  adequate  for  the  Indian  Ocean 
except  for  tha  region  north  of  the  Gulf  of  Mannar  and  the 
western  part  of  the  head  of  the  Bay  of  Bengal,  the  Crozet 
Islands  in  the  southwestern  part  of  the  Indian  Ocean,  and  in 
the  Gulfs  of  Carpentaria  and  Thailand. 

CURRENTS 

The  ocean  current  charts  are  compiled  principally  from 
ship  drift  reports  that  were  forwarded  by  the  various 
merchant  marines  to  the  Naval  Oceanographic  Office.  From 
these  drift  observations  the  sets  and  average  speeds  of  the 
prevailing  currents  are  calculated  for  each  1°  quadrangle.  The 
density  of  observations  is  greatest  along  the  major  shipping 
lanes  and  therefore  the  reliability  of  the  current  charts  is  best 
in  these  areas.  For  the  Indian  Ocean  as  a whole,  the  data  is 
adequate  except  in  the  southern  part  where  the  data  are 
extremely  sparse,  and  in  the  central  part  of  the  Bay  of 
Bengal.  Other  areas  without  adequate  data  density  are:  the 
North  and  northwest  coast  of  Australia,  in  the  Banda,  Ceram 
and  Molucca  Seas  and  off  the  northwest  coasts  of  Borneo  and 
Palawan,  as  well  as  in  the  Gulfs  of  Thailand  and  Tonkin. 

The  surface  currents  are  shown  for  four  months  which  are 
believed  to  be  most  representative  of  the  oceans  response  to 
the  monsoons.  The  currents  for  the  months  of  January  and 
July  represent  ocean  current  conditions  in  response  to  the 
Northeast  and  Southwest  monsoon  seasons  respectively.  The 
April  and  October  charts  represent  ocean  surface  conditions 
during  the  monsoonal  transition  months. 

Where  the  effect  of  the  monsoons  is  strongest,  e.g., 
Arabian  Sea,  Bay  of  Bengal,  and  South  China  Sea,  the  figures 
were  derived  from  monthly  surface  current  data.  Other 
regions  of  the  Indian  Ocean  are  less  reoponsive  to  the 
monsoon  influences  and  the  currents  were  therefore  con- 
structed from  seasonal  averages  adjusted  by  what  monthly 
data  were  available  to  portray  the  specific  months  indicated. 

Variations  from  the  directions  and  speeds  of  the  indicated 
prevailing  currents  can  be  expected,  especially  in  areas  where 
the  currents  are  weak. 

Tidal  currents  are  shown  where  they  predominate.  These 
are  subject  to  modifications  of  speed  and  direction  by  winds 
and  other  nonperiodic  variables. 


ICE 

Sea  Ice 

The  occurrence  of  sea  ice  is  limited  to  a small  region  in  the 
southwestern  part  of  the  Indian  Ocean. 


Glacier  Ice 

The  mean  maximum  limit  of  drifting  glacier  ice  is  based  on 
extremely  sparse  data  derived  from  published  sources. 
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12  hourly  movuntnlt  of  tropical  cyclon*  contort  (wind  ipttd  *»timattd  £34  knots). 
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five  compilation  of  available  data  for  specified  areas  without  regard  to  suspected  biases, 
osite  page)  are  based  on  all  available  data  subjectively  adjusted  where  bias  was  evident. 
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• ctive  compilation  of  available  data  for  specified  areas  without  regard  to  suspected  biases, 
iposite  page]  are  based  on  all  available  data  subjectively  adjusted  where  bias  was  evident 
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MAY 


12  hourly  movements  of  tropical  cyclone  centers  (wind  speed  estimated  >34  knots). 

Mean  speed;  Printed  figure  at  the  end  of  each  bor  represents 
the  mean  speed  of  movement  (in  knot*}  toward  the  indicated 
__  direction  j 

Z'  . **  "•  — (Center*  moving  toward  the  N had  a /neon  ipeed  of  5 knot*.) 

Direction  frequency:  Bari  represent  percentage  frequency  of 
\ V center*  that  moved  toward  each  direction.  Each  circle 
( mo  20% 

J J J S'-  —(35%  of  af/  tropical  cyc/one*  moved  toward  the  NE.) 

J'*  I Vector  mean  direction  and  ipeed:  Dot  indicate*  mean  vector 
V movement.  Each  circle  equal*  10  knot*. 

iif«qu*(*cyl  (Mean  vector  movement  of  all  center*  wa*  toward  75°at  7 knot*.) 

>00% 

(io%  / Statistics  for  thi*  ro*e  are  bated  on  277  twelve  hour 

(Iff  / j7T\  movemant*. 

[ [ I ( ( 030  j~50  individual  »torm*  were  observed  in  the  5°  X 5"  area 

\ \ ^ \ during  the  period  of  record. 

30  lo  30  10  ^'--Probability  of  having  at  least  one  tropical  cyclone  in  thi* 
|««ci«r  ««o n »p**d  kooti)  area  in  any  given  year  for  this  month  it  26%. 
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12  hourly  movmitnH  of  tropical  cyclono  contort  [wind  tpood  •tlimatod  >34  knoll). 

Moon  ipoodi  Printod  figuro  at  tho  ond  of  oach  bor  roprotonU 
tho  moan  tpood  of  movomont  (in  knolt)  toward  tho  indicated 
diroction. 

Z'  . — (Contort  moving  toward  tho  N had  a moan  tpood  of  5 knots.) 

" Diroction  froquoncyi  Sort  roprotonl  porconlago  froquoncy  of 

contort  thalmovoa  toward  ooch  diroction.  Each  cirdo 

( :»  hh^'' I  2 * *°%- 

\_a  j ^ ''  of  off  tropica/  cycfonot  movod  toward  tho  Nf.) 

✓ t / Vocior  moan  diroction  ond  spood;  Dot  indicotoi  moon  voctor 
\ movomont.  Each  circlo  oquolt  10  knoti. 

(iitqvtncrl  (Moan  voctor  movomont  of  all  contort  wen  toward  75* at  7 knots.) 

100% 

/ *9*  / io%  — Statistics  for  this  roso  art  botod  on  277  twolvo  hour 


I l 1 i l 030  j- 50  individual  Hormi  woro  obtorvod  in  iho  5*  X 5*  aroo 

l \ \ V \ during  tho  poriod  of  rocord. 

40  30  M 10  ''•'-Probability  of  having  ai  loot!  ono  tropical  cydono  In  this 

(vqctir  iM«t  kmmn)  aroo  in  any  givon  yo-sr  for  this  month  is  26V 
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t $-  Siondord  deviation  of  lemperoturet  [*C) 

11  Mean  lemperoture  lor  eoch  wind  direction,  coin  and  far  oil  data 
t combined  ore  re  pre  tented  by  dots. 

.** (Vtirfi  NW  Mwb,  dm  mean  teewerature  mat  9.4  *C  or  449  *f.)  , ‘J  ( ) 

o Indicatei  that  the  mean  temperature  for  a direction  or  colm  wot 
computed  from  IQ-30  obter  valiant. 
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mian  the  mean  temperature  it  omitted  when  let*  thon  10  obtervalioni  J 
for  a direction  or  calm  were  available. 
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( ( 050  7 *>50  individual  storms  were  observed  in  the  5*  X 5*  area  I 
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12  hourly  mov^monts  of  l.opiccil  cyclono  contort  (wind  vpood  osfimutod  >34  knots). 

Mogn  igiod1  Printod  figuro  t<  tho  end  of  ooch  bor  roprosonts 
Hi#  moon  spood  of  movomont  (in  knots]  toward  two  indicotod 
_ diroction. 

' ^ (Contort  mo  vino  to  word  tho  N hod  a moon  spsod  of  5 knoti.) 

Diroction  froquoncv:  Bon  roprofi^nt  porcontago  froquoncy  of 
contests  that  movod  toward  oach  diroction.  Each  circlo 

f OM  VHtaV*  "Pri,1«nf‘  20%- 

\W  I J V **“  *-  (35%  of  off  tropical  cycfonoi  movod  toward  tfio  Nfc) 

✓ t / Voctor  moon  diroction  ond  spoodi  Dot  'ndicatos  moon  voctor 
\ movomor.t.  Each  circlo  oquals  1 0 knots. 

lt<«ou«n(f]  *-  - - (Moan  voctor  movomont  of  all  contort  wot  toward  7S*  it  7 knots.) 

I9CH 

/ *?*  / % *•  — Statistics  for  thU  roso  aro  busod  on  ‘177  twolvo 

I I ( f / /j?A  movomontj. 

i I 1 1 I l 050  y — 50  individual  stotmi  woro  ob^orvod  in  (ho  5*  X 5*  uroa 

\ \ \ \ \ during  tho  poriod  of  rocord. 

s0  «o  20  10  s'*-  Probability  of  having  at  loost  ono  tropkol  cyclono  in  this 

(victar  Mia*  tp*«d  k»*ut  oroo  in  any  givon  yoar  for  this  month  is  26%. 
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TROPICAL  CYCLONE 


1 ■ • ; , i 


i 


TROPICAL  CYCLONE 


AUGUST 


l.  (iu°  (i;," 

>5-,  ! r ! i I [ i >"T  l I I 


90“  ‘J.V  ]()()•'  i Of)"  I Ml"  US  i:>o 

il  i I I it  i | l i i >i  |.  I ii  jjh?|  i I I n„.j  I I l l | n i;  j|  n 


p* — Bl 


i\vV  \ 

V (.  o ' 


'•  V,I rJ  ■ 

l ' ' 


! u 


■ i~ ...  * <'■  T 


! 12  hourly  wovmin>»  of  tropical  cyclone  contort  (wind  ipood  estimated  £34  knelt),  i 

Moan  tpoodi  Printed  figure  of  the  ond  of  each  bar  roproionlt  I 
| the  moon  spood  of  movement  (in  knots)  toward  the  indicated  ’ 

_ direction.  ; 

/ 'S.  it  ** ""  toying  toward  fh o N hod  o meat  tpojd  of  3 knots.) 

" Direction  froouencvi  Bart  represent  percentage  frequency  of  ! 

| s\.  centers  that  moved  toward  each  direction.  Eock  circle 

( om  \a3ti^  70%- 

| I S ^ *-  (33%  of  oil  tropical  cydonei  moved  toward  die  NE.) 

I Vector  mean  direction  and  tpeedi  Dot  indicotei  moon  vector 
1 movement.  Ea-h  circle  equals  T6  knot*. 

_ ifr*ev««Ky)  ^ - -(Moon  vector  movement  of  off  centers  was  toward  75*a.‘  7 knots.) 

I son 

• / / eon  /*  — Stotlelics  for  this  rose  are  bated  on  277  twelve  hour 

i [Ilf  /w\  mov*m#lHt- 

j I I 1 l \ /-50  Individual  storms  were  observed  in  the  5*  X 5*  area 

: \ \ y \ during  the  period  of  record. 

| ^ 40  Jo  Je  Probability  of  having  ot  least  one  tropical  cyclone  in  this 

i |vs«i«r  rto  area  in  any  given  year  for  this  month  is  26%. 
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12  hourly  movements  of  tropical  cyclone  center*  (wind  speed  estimated  knots]. 


Meon  spaed:  Printed  figure  ot  the  and  of  each  bar  represents 
the  mean  speed  of  movement  (in  knots)  toward  the  indicated 
direction. 


(Centers  moving  toward  the  N bad  a mean  speed  of  5 knots.) 

Direction  frequency:  Bari  represent  percentage  frequency  of 
centers  that  moved  toward  each  direction.  Each  circle 
\\  represents  20%. 

* V**  -*(3.5%  of  oil  tropical  cyc/ones  moved  toward  the  NE) 

I Vector  mean  direction  and  speed:  Dot  indicates  mean  vector 
V movement.  Each  circle  equals  10  knots. 


|Fi t q u 4 n< yi  '**  — -(Mean  vector  movement  of  all  cintan  wot  toward  759at  7 knots.) 


-Statistics  for  this  rose  are  based  on  2 77  twelve  hour 
movements 

'•SO  individual  storms  were  observed  in  the  5 9 V.  5°  area 
during  the  period  of  record. 


30  40  30  10  ^''-Probability  of  having  at  least  one  tropical  cyclone  in  this 

(vaster  men  ip«<4  knoitj  area  in  any  given  yeor  for  this  month  is  26%. 


°\.|  18 

0«-  88] 

otr4 


/ 


°\  i / 

II? 


06  V 

If! 


to 


Ob  08 


05 

°4  I 06 

O-Jf 

05 


07 


10 


v«. 
09—  g, 


" V 00 

“-JI 

05 


cn  .°.9  aq 
s 1 f 

OO-IH-I* 


0? 


\\ , 
'“■ill 


10 
• to 


04— 1 

orf' 


1 0^  08  1 1 

ob— ,iil  |J—  li 


, I .0 1 


oo-’ti 


09  10 

\ 1 


09~iiS 


U8  00 

V • 
,o_  tit 


i! 


/ 


280 


TROPICAL  CYCLONE 
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12  hourly  movement  of  tropical  cyclone  contort  (wind  spood  estimated  knot*}. 

Mean  speed.  Printed  figure  at  tho  end  of  each  bar  represents 
the  moon  tpood  of  movement  (in  knott)  toward  the  indicated 
direction. 

(Cortori  moving  toward  tho  N hod  a moan  tpood  of  5 knot*.)  , 

Direction  frequency  Bari  represent  percentage  frequency  of  1 
centers  that  moved  toward  each  direction.  Each  circle 
72n\  repretentt  20%. 

I " — (35%  of  oil  tropical  cydonot  moved  toward  tho  N£.) 

I Vector  mean  direction  qnd  speed:  Dot  indicates  mean  vector  , 
\ movement.  Eoch  circle  equals  lo  knots. 

* (Mean  vector  movement  of  all  contort  w as  toward  7S°at  7 knots.) 

^ -Statistics  for  this  rose  are  based  on  277  twelve  hour 
/w\  movements. 

( 050  -4-  50  individual  storms  were  observed  in  the  5*  X 5*  area 
during  the  period  of  record. 

j0  40  30  20  10  Probability  of  having  ot  least  one  tropical  cyclone  in  this 

Mian  ip.*d  hfieMi  area  in  any  given  year  for  this  month  is  26% 
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WIND  DIRECTION  AND  SPEED 
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Graphs  represent  the  objective  compilation  of  available  data  for  specified  areas  without  rega 
The  i sopleth  analyses  {opposite  page)  are  based  on  allavailable  data  subjectively  adjusted  v 
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SURFACE  AIR  TEMPERATURE 


Air  Temperature.  ^ __ ..  — — Number  of  obtervolioni 


Cumulolive  percent  frequency  of  temperatures  equal 
to  or  Ian  thon  the  temperature  inlanaclad  by  the  curve 


(7056  of  off  temperoturei  were  <10.3  *C  or  <50.5  *F.) 


S-  Standard  deviation  of  temperatures  (°C) 


Mean  temperature  far  each  wind  direction,  calm  and  for  all  dalo 
combined  are  repreienled  by  dolt 


(With  NW  winds,  the  mean  temperature  was  9.4  *C  or  4B.9  *7.) 

o Indicotei  that  the  mean  temperature  for  a direction  or  calm  wa 
computed  from  10-30  obtervatiom. 

The  mean  temperature  U omitted  when  last  than  10  observations 
lor  a direction  or  calm  were  available. 


ftl  ACK  LINE  - Mean  air  temperature  (*C) 

RED  LiNE  • Percent  frequency  of  temperature  £2Q*C 
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SEA  SURFACE  TEMPERATURE 


Seo  lurfac*  lemperatur e. 
Number  of  obtervotioni. 


Cumulative  percent  frequency  of  tea  turface  temperoluret 


equal  to  or  lett  than  the  remperoturo  intertected  by  the 
curve 


- — [60%  of  oil  ohurved  cea  turface  temperature*  w*-*  or 

<3jJ"F.) 


S Standard  deviation  of  tea  turface  temperatures  (*C) 


BLACK  LINE  Mean  tea  turface  lemperoture  ("C) 


BLUE  LINE 
RED  LINE 


Minimum  (1%)  tea  turface  temperature  (*C)  (1%  ol  the 
temperature!  were  equal  la  or  leu  than  the  given  value] 


Maximum  (99%)  tea  turface  temperature  (’C)  (1%  of 
the  temperature!  were  greater  than  the  given  value) 
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re  compilation  of  available  data  for  specified  areal  without  regard  to  tuipected  biaiet. 
te  page)  are  bated  on  allovailable  data  subjectively  adjusted  where  bias  was  evident. 
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HUMIDITY 
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WET  BULB  AND  RELATIVE  HUMIDITY 
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12  hourly  movement*  of  tropical  cyclone  center*  (wind  speed  ettimoled  2:34  knot*). 

Moan  igeedi  Printed  fig are  at  the  end  of  each  bar  represent* 
the  moan  speed  of  movomont  (in  knots)  toward  the  indicated 
__  dirtclion. 

' . '*  — (Contori  moving  toward  ft le  N had  a moan  speed  of  5 knots.) 

j Direction  frequency*  Bar*  roproiont  percentage  frequency  of 

.A  s.  centers'" that  moved"  toward  each  direction.  Each  circle 


* -(35%  of  all  tropica/  cyc/onoi  moved  toward  the  NB) 

tetor  mean  direction  and  speech  Dot  indicate*  met 
jvement  TKclTcircle  equal*  10  knot*, 


^ movement.  Each  circle  equal*  10  knots. 

|li«qv<ncr)  ^ (Mean  vector  movement  of  a II  center*  wo*  toward  75*0 1 7 knot*.)  ( 

(W,*0H  /' * y - -Stotittict  for  thi*  ro*e  are  bated  on  277  twelve  hour 

f ( 777  \ movemenl*. 

( ( ( 030  j- 50  individual  itorm*  were  obterved  in  the  5“  X 5"  area 

\ \ during  the  period  of  record. 
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i«u|  area  in  any  given  year  for  this  montn  is  26%. 
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12  hourly  movomontt  of  tropical  cyclon*  confers  (wind  tpood  ■stimattd  >34  knolt}. 

Moon  tpood.  Printed  Figurt  at  tho  ond  oF  oach  bar  roproionti 
I tho  moon  tpood  oF  movomont  (in  knolt)  toward  tht  indicatid 

diroction. 

^ * — (Contort  moving  toward  tho  N hod  a moan  spood  of  5 knott.) 

Diroction  froquoncy.  Ban  roprotonl  porcontago  froquoncy  of 
SN  contort  that  movod  toward  opt_h  diroction.  Each  cirdo 
roproionts  20% 

I V - — (35%  of  oil  Impitol  cycfonot  movod  toward  th*  NE.) 

I Voctor  moon  diroction  and  t pooch  Dot  indicatoi  moan  voctor 
\ movomont.  Each  circlo  oquali  10  knoti. 
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— — Stotioiics  For  ihit  roto  aro  batod  on  277  twolvo  hour 
movomontt. 

030  "T-  50  individual  norms  woro  obiorvod  in  tho  5°  X 5*  arta 
- 026  ' during  tho  poriod  of  rocord 

i jo  40  *0  10  — Probability  of  having  at  loast  one  tropical  cydono  in  tbit 

i kiipiij  aroo  in  any  givon  yoar  for  this  month  it  26%. 
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DECEMBER 


12  hourly  movimtnlt  of  tropical  cyclone  centers  [wind  speed  estimated  >34  knoll). 

Mean  speed:  Printed  figure  at  the  tnd  of  each  bar  repre»ents 
tfi*  mean  speed  of  movement  (in  knots)  toward  the  indicated 
direction. 

* y.  "“*•••  (Centers  moving  toward  the  N had  a mean  speed  o^  S knots.) 

^ 5 Direction  frequency:  Ears  represent  percentage  frequency  of 

V.  centers  that  movJd* toward  each  direction.  Each  circle 

f Z 2o%. 

I S ^ *-  (35%  o/  afi  tropical  cyclones  moved  toward  the  NE.) 

✓ t I Vector  moon  direction  and  >peed=  Dot  indicates  mean  vector 
l movement.  Each  "circle  equals  RT knots. 

'*•  - -(Mean  vector  movement  of  all  cwtttrt  was  toward  7$*at  7 knots.) 

i w% 

(•0%  t 4q%  *?*  ^ Statistics  for  this  rose  are  based  on  277  twelve  hour 

(Iff  rn  \ movements. 

II  i \ V o?4  individual  storms  were  observed  in  the  5#  X 5*  area 

\ \ \ \ during  the  period  of  record 

30  so  JO  30  10  — Probability  of  having  at  leost  one  tropical  cyclone  in  this 

neon  ip««d  knot*)  area  in  any  given  year  for  this  month  is  26%. 
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I 12  hourly  movamants  of  tropical  cyclona  cantart  (wind  ipaad  astimatad  >34  knot*}. 

Moon  tptid:  Printed  figuri  at  th»  and  of  aach  bar  raprasants 
thr  maon  ipaad  of  movamant  (in  knot*}  toword  iht  indicated 
diraclion. 

j f " *w  — (Cantari  moving  toward  tfia  N hod  o maon  ipaad  of  5 knot!.) 

Diraction  fr‘/nuancy:  Bari  rapraiant  parcantaga  fraquancy  of 
cantari  that  movaa  toward  aach  diraction.  Each  circla 

( 030  '•prM#n,i  20%  | 

Vo.-i/  j |N''  — (35%  of  oil  tropicof  eyefonat  movad  toward  tba  ME.) 

.x  * / Vactor  maon  diraction  and  ipaad:  Dot  indicotai  maon  vactor 

\ movamant.  Eoch  circla  aquoli  10  knots 

( \.  v r t, 

I ^ — —(Maon  vactor  movamant  of  oil  cantari  woi  toword  75*o/  7 knots.)  ** 

! lOCH 

(M%  j 40*  *?*  -Statistics  for  this  rosa  ora  boiad  or»  277  twolva  hour 

l l I I 

( ( V V oi°  individual  storms  warn  obsarvad  in  lha  5#  X 5*  arao 

\ \ V \ during  tha  pariod  of  racord. 

so  40  30  20  *°  Probability  of  having  at  laast  ona  tropical  cyclona  in  thia 

. | [*«ctar  mm  knani  arao  in  any  givan  yaor  for  this  month  is  26%. 
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PART  II  OCEANOGRAPHY 


FIG.  1 JANUARY  (NORTHEAST  MONSOON)  SURFACE  C 


FIG.  3 JULY  (SOUTHWEST  MONSOON)  SURFACE  CURRENT 


EST  MONSOON)  SURFACE  CURRENTS 
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MEAN  DIRECTION  OF  PREVAILING 


’ u*s  MIAN  CURRENT  SPEED  IN  KNOTS 

PROBABLE  CURRENT  DIRECTION 
(INSUFFICIENT  DATA] 

0*^*  PROBABLE  CURRENT  SPEED  (INSUF- 
FICIENT DATA) 


REGIONS  WHERE  CURRENTS  ARE 
PREDOMINANTLY  TIDAL  (SEE  FIG.  5) 
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FIG.  4 OCTOBER  (TRANSITION)  SURFACE  CURRENTS 
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FIG.  5 TIDAL  CURRENTS  - PERSIAN  GULF  AND  TORRES  S 


* FLOOD  Oft  Ell  CURRENT  DIRECTION 
1.3  MEAN  TIDAL  CURRENT  SPEED  IN  KNOTS 

NOTEi  THE  APPROXIMATE  MEAN  STRENGTH  OF  HOOD  ANP  Elft  CURRENTS  AT 
SPRINGS  OR  TROPICS  IS  DETERMINED  IY  MULTIPLYING  THE  MEAN  SPIED  IT 
1.4,  THE  APPROXIMATE  MEAN  SPEED  OF  FLOOD  AND  Ell  AT  NEAPS  IS 
DETERMINED  IY  MULTIPLYING  THE  MEAN  SPEED  IV  0 6 


FLOOD  CURRENT 
DECEMBER  THROUGH  FEBRUARY 


FLOOD  CURRENT 
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Elft  CURRENT 


FLOOD  CURRENT 
MARCH  THROUGH  NOVEMBER 


PERSIAN  GULF 


TORRE 


PERSIAN  GULF  AND  TORRES  STRAIT 


FLOOD  CURRENT 
DECEMBER  THROUGH  FEBRUARY 


EBB  CURRENT 

DECEMBER  THROUGH  FEBRUARY 


TORRES  STRAIT 


5 AND  LOCATIONS  OF  TYPICAL  TIDE  CURVES 


I i.O  I Vi  I }■ 


NUMBERS  REFER  TO  THE  REFERENCE 
STATION  TIDE  CURVES  WHICH  $HQW 
THE  TIDAL  CHANOES  THROUGH  DIF- 
FERENT LUNAR  PHASES.  COASTAL 
REGIONS  ENCLOSED  BY  BRACKETS 
HAVE  TIDE  CHARACTERISTICS  SIMI- 
LAR TO  THOSE  SHOWN  AT  THE 
REFERENCE  STATIONS  THOUGH  THE 
RANGES  MAY  VARY  SIGNIFICANTLY. 
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FIG.  6 TYPES  OF  TIDES  AND  LOCATIONS  OF  TYPICAL  Til 
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FIG.  7 TYPICAL  TIDE  CURVES 


MSI  [MlAN  II A LEVII  | — THE  AVPRAQI  HtlOM!  AIO»l  DATUM 
FOE  All  StAOI*  Of  tHI  IIOl 

MIW  (MIAN  IOW  WATCH-  THI  AVCEAQI  HEIGHT  Of  tHI  LOW 
WAlflt 

MHW  (MIAN  HlOH  WAltl)  tHC  AVIIADI  HEIGHT  01  tHI  HlOH 
WAKES 

MlLW  |M(AN  IOW1I  IOW  WA1IEJ-.  INI  AVtftAOl  HIIOHI  OF  THE  10WIE 
tow  WAPIES 

MtWN  (MIAN  LOW  WAttE  HIAPS]  THI  >V|EAGt  HIIOHI  Of  tHI  LOW 
WAIIES  OCCUIElNG  NIAE  tHI  TlMl 
Of  lllit  OE  I Alt  OUAETtl  INI  AP 
f ID  III 


(SEE  FIG-  6 FOR  LOCATION  OF  TIDE  CURVES) 

MHWN  (MIAN  HlOH  WAKE  N|APM-  tHI  AVIEAOI  HEIOHT  Ol  tHI  MIOH 
WAMEI  OCCUEIINO  NiA*  THI  tlMl 
01  Milt  Ol  UIT  OUAITIt  (NEAP 

noil) 

MWW  |MlAN  IOWII  HlOH  WAtlll— THE  AVIEAOI  HIIOHI  OP  tHI  lOWII 
HIGH  WAKES 

MHLW  (MIAN  HIOHCE  IOW  WAtll)— THI  AVIEAOI  HIIOHI  OP  tHI  MIQHtl 
IOW  WAKES 

MKHW  (Ml AN  HIOHtl  HlOH  WAKE)  - THI  AVIEAOI  HI'OHt  OP  IM|  HfOHtl 
HlOH  WAIIES 


A MOON  IN  APOOII 
I MOON  ON  I0VA1OI 


Ml Wl  IMIAN  low  WATII  SPUN  Oil-  tHI  AVIEAOI  HIIOHI  OP  IOW  WATER! 

OCCUEIINO  NIAE  THI  TIME  OP  NEW 
ot  PUU  moon  IIPIINO  TIDES) 

MHW l jm | AN  HlOH  WAKE  IPEINQSl-  PHI  AVUAOI  HIIOHI  OP  HlOH  WAtlll 
OCCUEIINO  NIAE  tH|  TIMt  OP  HIW 
OE  PUll  MOON  IIPIIHO  IlOII) 

CH  Alt  t>  EtUM—  THI  IIPCHNCI  IIVU  PEOM  WHICH 
tHI  PEIPICTID  TIPI  HIIOHII  All 


N MOON  PAItHllt  NORTH 
01  IOUATOI 

I MOON  PAI1HIST  IOUIH 
OP  EQUATOR 


9 MOON  IN  PIEIOII 
Oj  SUN  At  lUHMlt 
IQlltlCI 


J IQMiAT  (M IE EDj 
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)R  LOCATION  OF  TIDE  CURVES) 


IR  N|Af||  — THI  AVIIAOI  HtlOHt  Of  IHRHtOH 
WATIRI  OCCURRING  NIAt  INI  TIM 
Of  Mill  OR  lARY  QUARTRI  INI  Af 

TIOtll 

4 W Al IR)  — I MR  AVIIAOI  HilONT  Of  IMI  IOW(l 
r HIGH  WATIRI 

* <VAl|lj  IM|  AVIIAOI  HIIOHT  Of  tMI  HIOHII 
LOW  W AIIII 

H WAtll|-IH|  AVIRAGI  HIIOHT  Of  IHI  HIOHII 
HIGH  WATIRI 


NIWR  (MIAN  low  WAtll  IMlNOIJ—  THI  AVIIAOI  HIIOHT  Of  IOW  WATIRI 
OCCURRING  NlAR  THI  TIMI  OP  N(W 
OR  fllLl  MOON  |lf RING  IIOII] 

MHWI  |Mf  AN  HIOH  WAT|R  IMlNOIJ  - IHI  AVIIAOI  HIIOHT  Of  HIOM  WATIRI 
OCCURRING  N | Al  THI  TIMI  Of  NtW 
OR  fUll  MOON  (IfRlNO  tlDII) 

CHART  OAtURI-  TMI  IlfIRINCI  l|V|l  MOM  WHICH 
TMI  fllOICUP  T 1 01  HIIOHT  I All 
MtAIUUD 


N MOON  IaATMHI  NORIM 
Of  IOUATOR 

I MOON  lAITHIU  SOUTH 
Of  IOUATOR 


P MOON  IN  HtlOII 
07  IUN  AT  lUMMIR 

lounci 


A MOON  IN  AfOOM 
I MOON  OH  IQUAIOR 


FIG.  8 TIDE  RANGES 


FEET 


SHADINGS  INDICATE  THE  MIAN  IANGE  WHERE  TIDES 
ARI  MIXED  OR  SEMIDIURNAL  AND  THE  DIURNAL  RANGE 
WHERE  TIDES  ARE  0"I«NAI. 


3 TO  10 


MEAN  RANOEi  THE  DIFFERENCE  IN  HEIGHT  RETWEEN 
MIAN  HIGH  WATER  AND  MEAN  LOW 
WATER. 


10  TO  IS 


SPRING  RANGEi 


15  TO  20 


TROPIC  RANGE. 


> 20 


LOCATION  OF 
REPRESENTATIVE 

TIDE  STATION  OIUtNAL  RANGE. 


MEAN  RANGE 

TROPIC  RANOE 

SPRING  RANOE 

DIURNAL  RANGE 

THE  AVERAGE  SEMIDIURNAL  RANOE 
OF  TIOES  OCCURRING  DURING  THE 
TIME  OF  NEW  ANO  FULL  MOON. 

THE  AVERAGE  DIFFERENCE  IN  HEIGHT 
BETWEEN  HIGH  AND  LOW  WATER?- OC- 
CURRING AT  MAXIMUM  LUNAR  DEC- 
LINATION. 

THE  AVERAGE  DIFFERENCE  IN  hEIGHT 
RETWEEN  ALL  MEAN  HIOHER  HIGH 
WATERS  AND  ALL  MEAN  LOWER  LOW 
WATERS  MEASURED  OVER  A 19  YEAR 
PERIOD  OR  ITS  COMPUTED  EQUIVALENT. 
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ESTIMATED  MAXIMUM  NORTH. 
WARD  EXTENT  OP  ICEBERGS 
— — — — PEINUARY 

••#•••••  AUGUST 
• — — NOVEMBER 


I3TIMATE0  MAXIMUM  NORTHWARO 
EXTENT  OP  SEA  ICE  IN  CONCENTRA. 
TIONS  OREATCR  THAN  1/10  0URINQ 
THE  MONTHS  OP  JULY,  AUOUST, 
AND  NOVEMBER.  IN  All  OTHER 
MONTHS  SEA  ICE  DOES  NOT  NOR- 
MALLY EXTEND  NORTH  OP  S3°S. 


EXCEPTIONAL  OBSERVATIONS 
OP  ICEBEROS 

1.  16  JANUARY  1929  AT 
36°3B‘  B,  25'03’t 

2.  JUNE  1 893  PROM 
ST.  PAUL  ISLAND 

3.  29  JANUARY  1921  AT 
93°03‘S,  I29°53'E 


NEARLY  ALL  ICEBEROS  PRESENT  IN  THIS  AREA 
ORIOINATE  IN  ANTARCTICA.  SOME  SMALL 
ICEBEROS  ARE  CALVED  BY  OlACISRS  ON  ILE 
KERGUELEN  | APPROXIMATELY  50°S,  70‘l)  BUT 
THEY  GENERALLY  REMAIN  CLOSE  TO  THE  IS- 
LAND. SMALL  AMOUNTS  OP  SEA  ICE  MAY 
ALSO  PORM  NEAR  THE  ISLAND. 
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